Accelerator structures of a wide variety have k e n damaged by RF breakdowns. Very little is known about the mechanisms that cause the breakdown and the damage although there has been theoretical work [1,2]. Using an m a y of ultrasonic acoustic emission sensors we have been able to locate and.classify breakdown events more accurately than possible using microwave techniques.
INTRODUCTION
The Next Lmear Collider (NLC) project requires Xhand copper structures capable of operating at accelerating gradients of about 70 MV/m with a breakdown rate less than 0.thour. To understand the higher breakdown rates seen, a tool is needed that is able to localize the deposited energy within a few square mm around the iris.
In [I] a breakdown mechanism is proposed which entails a small plasma spot forming near an iris. This model predicts surface melting in the region of the plasma spot as well as energy deposition on an opposing iris. If so, a tool capable of localizing the breakdown should be able to distinguish this phenomenon from a breakdown affecting only one ins.
Acoustic emission sensors (AES) were used to localize breakdowns in multiple scenarios: L-band RF gun and Xband accelerating suuctures, as well as studying breakdown patterns associated with X-band structure processing.
ACOUSTIC EMISSION SENSORS
Acoustic emission sensors are piezo-electric devices used in industrial non-destructive testing of such things as crack propagation in airplane frames. In the X-band case, heat from the 40 joule RF pulse is absorbed in the structure walls causing thermal expansion which creates sound that we can detect in the I00 kHz -I MHz range.
We see little attenuation at these frequencies; however, at higher frequencies the attenuation is strongly dependent on crystalline structure. While we don't have an absolute shear (s) waves with a speed vs = 2325 d s , hulk pressure @) waves, vb = 4760 m/s, or as a slower shear wave [,I.
At our detectable frequencies, the.shear wave disturbance wavelength is about IO mm, the characteristic dimension of X-band RF cell widths, hut significantly smaller than L-band components.
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Breakdown Localization
We determine breakdown location using two methods: (1) time of arrival to of the breakdown signal at the sensor and (2) relative amplitude of the sensor signals To identify the time of arrival of the breakdown signal at a given sensor, we first calculate the integrated rms of each sensor's signal, where t is time in 0.1 &s data points, V is the acoustic sensor signal voltage, o i s the rms, and R is the integrated m from 1 to 1. The subscript n denotes the breakdown pulse; subscript n-2 denotes the non-breakdown pulse 2 pulses before.
At TTF, the time of arrival was determined as when the integrated rms crossed a threshold, 
(4)
RESULTS
Particle Contamination in X-band Structures
For one of the NU3 test suuctures, a week's worth of processing, 2366 breakdowns, was analyzed using the qon technique. It was discovered that more than 600 breakdowns occurred in one location -the twelfth cell of the structure, a rate six times more than the typical cell average. Of the events in cell 1283% showed the highest signal from the senmr on the bottom of the cell. Based on the AES data, the structure was dissected at that cell. We found a 0.5m by Imm sliver of aluminum near the location of the largest omm. The particle was surrounded by many craters and melted spots.
X-band Structure Input Coupler
AES gave conclusive evidence of breakdown in the low electric field region of the input coupler. Tnis unexpected result prompted the redesign of the coupler to reduce pulse heating (possibly due to high magnetic fields) on the four input waveguide matching irises. This work is summarized in [6,71. 
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Multiple-Iris Events in X-band Structures
Given a data set of a few thousand breakdowns for a particular structure from a month's running, we chose to select just the events which appear to be highly localized, namely those meeting the following criteria: for a given sensor, i, and its axial neighbors, i i l , omm(i)>20 and omm(id)< unOm(iY2.
This selected 15 of the 400 events in the body of the structure. Figure 3 shows a typical event of this type.
This figure shows that the Sensors' resolution is less than the distance between the sensors around the cell and about equal to the cell spacing. Using the to technique, we found that the signals from sensors i i l arrive at the same time, approximately 1 &s later than the signal from sensor i. Given that the sensors are mounted between the irises, 
FUTURE PLANS
Future plans include adding another 80 sensors to give a total of 144. This should help better understand events' with multiple breakdowns on one pulse. AES will also be .used to diagnose breakdowns in high power components of the 8-pack RF distribution system installation.
Along the top is a schematic of the st&ture, showing the placement of the sensors between the irises as well as a possible path for the sound from the breakdown to travel. The inset-shows the sensors mounted around a cell. Of note is the vertical scale: more than 30 times the energy deposited on a non-breakdown pulse is .seen by one sensor.
Spitfests in X-band Structures
ACKNOWLEDGEMENTS
Another phenomenon seen during processing of the Xband structures in NLCTA is the so-called spitfest -when breakdowns are rare, but clustered in time. For example, there will be no breakdowns for more than 30 minutes, followed by many breakdowns in quick succession, less than two minutes apart. Some of these breakdowns occur at very low voltage. From a two week, steady-state running period with 288 breakdowns, 141 happened within two minutes of the previous event in 62 spitfest groups. Figure 4 below shows the locations of seven breakdowns that happened in one spitfest sequence.
This figure shows that subsequent breakdowns aren't confined to the same location as the first breakdown and actually vary their locations by more than just a few cells. This is inconsistent with the assumption that subsequent breakdowns happen near the surface damage caused by the first breakdown.
CONCLUSIONS
AES have proven uniquely suited to locating breakdowns in RF components. Two analysis techniques provide complementary information: relative signal power and signal timing. Using these two techniques, we liave been able to diagnose many problems including particle contamination and high pulse heating regions as well as better understand the multiple-ins breakdown process in
